OBJECTIVE: To determine the correlations between signal-averaged electrocardiography (SAECG) indices and various anthropometric parameters in obese women. SUBJECTS: Twenty-seven healthy obese women (mean age 29.7 AE 9.6 y, mean body mass index 35.2 AE 6.0 kg/m 2 ). MEASUREMENTS: SAECG was performed using a Marquette, MAC 12/15 system. Bidirectional ®ltering, low-pass ®ltering 250 Hz and 25, 40 and 80 Hz high-pass ®lter settings were employed on the same averaged beats. At least 200 beats were averaged to achieve a noise level`1 mV. Body mass index, waist to hip circumference ratio, neck circumference, arm circumference and conicity index were determined for all subjects. Skinfold thicknesses were measured in triceps, biceps, subscapular, supra-iliac and para-umbilical regions. RESULTS: Signi®cant correlations were observed between the root mean square (RMS) voltage of the terminal 40 ms of the ®ltered QRS complex at 25 and 40 Hz and skinfold thicknesses measured at different sites. Signi®cant correlations were obtained between the noise level at 25 and 40 Hz and skinfold thicknesses measured at subscapular, biceps and triceps regions also. The only SAECG parameter correlated signi®cantly with the noise level was the RMS voltage at 25 and 40 Hz high-pass ®lter settings. CONCLUSIONS: In obese women SAECG must be performed with 80 Hz high-pass ®lter setting which eliminates the random noise originating from the subcutaneous adipose tissue. In addition RMS voltage which shows positive linear correlations with the noise level of 25 and 40 Hz high-pass ®lter settings might be inappropriate for the de®nition of abnormal SAECG criteria in obese women.
Introduction
Ventricular late potentials are high-frequency lowamplitude signals in the terminal portion of the QRS complex, obtained by signal averaging of the surface electrocardiogram (ECG). Late potentials on the signal averaged electrocardiogram (SAECG) are believed to re¯ect slow-inhomogeneous impulse conduction areas of abnormal myocardium which might be a mechanism for reentry and have been demonstrated to correlate to the occurrence of spontaneous or induced sustained ventricular tachycardia (VT).
1±3
Late potentials also occur in some patients without VT, thus reducing the speci®ty of signal-averaging in prospectively identifying patients who are prone to develop this form of arrhythmia.
3±7 Several non-cardiac parameters may in¯uence SAECG indices. Quantitative variables that de®ne late potentials have been reported to be affected by age, gender, weight, height and body size. 8±11 Effects of subcutaneous adipose tissue on SAECG indices are not clearly documented.
Subcutaneous adipose tissue can attenuate the amplitude of the QRS complex on standard surface ECG.
Recently Masui et al
12 demonstrated positive linear correlations between one of the SAECG indices-low amplitude signal duration (LAS)`40 mV in the terminal QRS-and weight, sum of skinfolds and percent BMI in healthy male volunteers.
The aim of this study was to evaluate the relationships between the variables of SAECG and various obesity indices in healthy obese female subjects.
Subjects and methods
The study group consisted of 27 healthy obese women aged 18±45 y (mean 29.7 AE 9.6 y). All subjects had a body mass index (BMI) b 27 kg/m 2 . None had a history of heart disease, metabolic disease or systemic hypertension (blood pressure b 140/90 mmHg). They all had normal results on physical examination and standard 12-lead ECG. None had any evidence of bundle branch block on the standard ECG.
SAECGs were recorded after careful skin preparation and application of silver-silver chloride electrodes. A Marquette Electronics model MAC 12/15 machine (Marquette Electronics, Milwaukee, Wisconsin) was used to record standard Frank XYZ leads. 13 Each lead is ampli®ed (gain of 1000), converted into digital format and averaged. Signals not of interest or those that are grossly noisy are rejected by an adjustable template recognition program. Sinus cardiac beats are selected and aligned using cross-correlation with the template. A correlation of b 98% should be required for acceptance. A minimum number of 200 beats from each lead was averaged to obtain a noise level of`1 mV. Each averaged lead is then ®ltered to eliminate low frequencies contained in the QRS complex and ST segment by using bidirectional ®lter-ing. High-pass ®lters of 25 Hz, 40 Hz and 80 Hz were employed on the same averaged beats. The low-pass ®lter was kept constant at 250 Hz. The ®ltered signals for the three leads were then combined into a vector magnitude, which is computed as the square root of 
]. Noise is measured for each ®lter setting as described below.
QRS offset point is determined on the vector magnitude QRS for each ®lter setting according to the standard QRS offset point of the un®ltered composite of the XYZ leads. At a point 60 ms into the ST segment from this point, a window of 30 ms is de®ned. Mean voltage in the vector magnitude is measured in this 30 ms window. The window is moved in increments of 5 ms and mean voltage is computed again. This process is repeated for 10 windows up to 120 ms from the standard QRS offset and the minimum value of mean voltage is found. Noise level is reported as the mean value (average) of the voltage in this window.
The ®ltered QRS offset is determined at a point where the voltage in the vector magnitude is greater than the threshold [2 6 (noise level)] continuously for 10 ms. Search is made backwards from ST segment towards the QRS. The ®ltered QRS onset (beginning) is set at the point where the voltage falls below the threshold [3 6 (noise level)]. Search is made from middle of the QRS towards its beginning. The total QRS duration of the ®ltered signals (fQRS) is the time in milliseconds between the ®ltered QRS offset and the ®ltered QRS onset.
High frequency low amplitude signal duration (LAS) is the interval in milliseconds from the QRS offset to the point where the voltage reaches 40 mV. Search is made from the ®ltered QRS offset towards the middle of the QRS. Root mean square (RMS) voltage is computed as the sum of the squares of values of vector magnitude in the terminal 40 ms. Mean of squares is obtained by dividing the sum by terminal duration, namely 40 ms. Root mean square voltage is the square root of the mean of squares. The rationale behind choosing 40 ms as the terminal duration was provided by Simson, 2 who used a 25 Hz highpass ®lter (40 ms is the period of a 25 Hz waveform). Therefore it would be more likely to include the entire duration of the terminal waveforms in the analysis. A ®gure of the SAECG parameters of the 25, 40 and 80 Hz high-pass ®lter settings for one of the study subjects is shown in Figure 1a , 1b and 1c.
Height and weight, waist, hip, neck and arm circumferences were determined by standard measurements. A skinfold caliper (Lange skinfold caliper, Beta Technology, Cambridge, Maryland) was used to measure skinfold thickness in subscapular, triceps, biceps, supra-iliac and para-umbilical regions by the same observer as previously described.
14 Body mass index (BMI) was calculated according to the following formula: Weight(kg)/[Height (m)] . 15 Waist to hip circumference ratio (WHR) was determined for all subjects. Subjects with a WHR b 0.8 were classi®ed in the central obesity group and subjects with a WHR`0.8 in the peripheral obesity group.
Plasma glucose, cholesterol and triglycerides were determined with an automated analyser (Technicon Instruments, Tarrytown, New York, USA) in central and peripheral obesity groups. HDL cholesterol levels (after ultracentrifugation and precipitation) were used for calculating LDL-cholesterol levels according to 
Results
Mean AE s.d. of the measured parameters in the study group are listed in Table 1 and 2.
The signi®cant correlations between clinical and anthropometric parameters and variables of SAECG are shown in Table 3 .
There were signi®cant correlations between RMS voltage at 25 and 40 Hz and skinfold thicknesses measured at different sites. No other SAECG parameters showed consistent correlations with the anthropometric parameters. A high-pass ®lter setting of 80 Hz did not produce any signi®cant correlations between SAECG indices and anthropometric measurements.
The correlations between noise level and subcutaneous adipose tissue thickness measured at different sites are shown in Table 4 .
Signi®cant correlations were observed between the noise level at 25 and 40 Hz and skinfold thicknesses measured at biceps, triceps and subscapular region. It is noteworthy that no signi®cant correlations were identi®ed between the noise level measured at 80 Hz and subcutaneous adipose tissue thicknesses. No signi®cant correlations were observed between the skinfold thicknesses measured at lower body sites (namely para-umbilical and supra-iliac regions) and noise levels at all ®lter settings either.
The correlations between noise levels and SAECG indices at different high-pass ®lterings are demon- The data represents the statistically signi®cant correlation coef®cients r by single linear regression analysis. There were no correlations with body mass index, waist to hip circumference ratio, conicity index, systolic blood pressure, arm circumference or neck circumference and para-umbilical skinfold thickness. DBP: diastolic blood pressure; BST: biceps skinfold thickness; TST: triceps skinfold thickness; SST: subscapular skinfold thickness; UST: para-umbilical skinfold thickness; IST: supra-iliac skinfold thickness; Sum Signal-averaged electrocardiogram in obese women N O È zbey et al strated in Table 5 . The only SAECG parameter that showed highly signi®cant correlations with the noise level was the RMS voltage at 25 and 40 Hz.
Comparison of clinical, metabolic and anthropometric variables in central and peripheral obesity groups are shown in Table 6 . Subjects with central obesity had signi®cantly higher subscapular, suprailiac and para-umbilical skinfold thicknesses and signi®cantly lower HDL-cholesterol levels. No signi®-cant differences were observed between the SAECG parameters in both groups (data not shown).
Discussion
Recording of low amplitude cardiac potentials on the body surface by the conventional ECG is limited by 
The data represents the correlation coef®cients r by single linear regression analysis. *Indicates statistically signi®cant correlations. Abbreviations as for Table 3 ; UST: para-umbilical skinfold thickness; Sum 2 UST IST. 
The data represents the correlation coef®cients r by single linear regression analysis. *indicates statistically signi®cant correlations. Abbreviations as for Table 2 . interference from biological and environmental extracardiac electrical signals (noise). The noise that can mask low level electrical events of the heart has primarily three origins.
16
: (1) Skeletal muscle noise principally from respiratory muscle; (2) Noise from electrical equipment (50±60 Hz or higher frequency harmonics); (3) Noise generated from ampli®ers and skin electrode contact zone. Random electrical noise can be reduced from its level at the start of the study by the technique of signal averaging by a factor of 1/(n) 1/2 where n is the averaged number of cycles. 3, 17 Signal-averaged ECG has allowed the detection of the terminal low amplitude high frequency electrical activity of the QRS complex on the body surface. The ambient noise level is likely to vary from study to study, patient to patient and site to site. In addition, noise level exhibits both intra-and interpatients variability. 17 So the level to which noise is reduced is dependent not only upon the number of the cycles averaged. In our study it is demonstrable that highpass ®lter settings and subcutaneous adipose tissue thickness might in¯uence the attained noise level during signal averaging.
Subcutaneous adipose tissue thicknesses were correlated signi®cantly with the noise level for 25 and 40 Hz high-pass ®lter settings in our study group. Skinfold thicknesses had no in¯uence on the 80 Hz SAECG parameters. Noise of 50±60 Hz or higher frequencies generated from electrical equipment could be eliminated by the use of 80 Hz high-pass ®lter setting. This might explain the reduction of noise level when high-pass ®lter setting is increased to greater than 40 Hz frequency in our study. Similar trend is also observed in the study of Gomez et al 4 and Fallah-Najmabadi et al. 18 Gomez et al 4 evaluated the effects of different band-pass ®lters on the SAECG variables both in normal subjects and in patients with organic heart disease. They showed that the noise level was highest at 10 Hz but declined progressively as the ®lter frequencies increased to 80 Hz, a function of ®ltering. Fallah-Najmabadi et al 18 evaluated the SAECG in healthy children and adolescents. They also indicated that noise level was highest with the 25 Hz ®lter and lowest with the 80 Hz ®lter in all age groups. However elimination of higher frequency component of noise from electrical equipment by 80 Hz ®ltering might not be able to explain the observed signi®cant correlations between skinfold thickness and noise level at 25 and 40 Hz ®lters. In other terms correlations between noise level and skinfold thickness at 25 and 40 Hz can not be explained on the basis of the existence of the b 50 Hz noise of electrical equipment. Progressively decreased noise level for the 25±40±80 Hz high-pass ®lter settings of the same averaged beats made us to conclude that the noise derived from the subcutaneous adipose tissue must be lower than 80 Hz frequency. This might explain the absence of any correlations between the skinfold thickness and noise level measured at 80 Hz. Signi®cant correlations between the subscapular, biceps and triceps skinfold thickness, and noise level at 25±40 Hz might indicate that the site where signals are recorded is important for noise level. These sites should be equivalent to the subcutaneous adipose tissue of locations where electrodes of Frank XYZ leads are placed over. 13 Subcutaneous adipose tissue generated noise can contribute to the noise level originated from skinelectrode contact zone. Before obtaining SAECG the subject skin should be thoroughly cleansed with alcohol and abraded to decrease impedance which generates noise. 19 In obese persons subcutaneous adipose tissue might contribute to the noise level by the mechanism of an increase in the biolelectric impedance. It is advised that ideally the impedance should be measured and be less than 1000 O.
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In our homogenous study group the only SAECG variable that correlated signi®cantly with the noise level was RMS voltage at 25 and 40 Hz high-pass ®lters. RMS voltage is calculated from the terminal 40 ms of the QRS vector magnitude in our study. As it can be seen, slight deviations in the QRS offset can cause signi®cant changes in the value of RMS voltage. Filtered QRS offset is determined on the basis of the noise level measurement. Consequently the correlations between noise level and RMS voltage in our study is not an unexpected ®nding. Since the algorithm to identify the end of the QRS complex is based on the noise level, the increase in noise might result in identi®cation of a small low-amplitude segment of the terminal QRS complex as noise and a part of the high voltages in the main body of the QRS complex might be included in the terminal 40 ms. This results in a large RMS voltage and may obscure the late potentials. This data implies that RMS is open to great inter-and intraindividual variability. Raineri et al 8 analyzed the SAECG in healthy subjects. They reported that RMS at 40 Hz high-pass ®ltering had such a wide range of normal limits that it was not possible to de®ne these limits as cutoff values for normal persons. Although correlation analyses for the noise level were not performed in their study, differences in noise level from person to person might explain their observation. Variations in SAECG parameters at 40 Hz from one recording to another for the same subject were determined by Borbola et al 20 and Sager et al. 21 Borbola et al 20 revealed that residual noise level has a signi®cant effect on short-term reproducibility of SAECG parameters. The most prominent effect of noise is observed on the RMS voltage. Sager et al 21 reported that among other SAECG indices, RMS voltage showed the greatest mean absolute variation from one recording to another. At 80 Hz ®lter frequency, measured noise level is not subject to noise originated from subcutaneous adipose tissue and/or electrical equipment. Because of this the ®ltered QRS offset is not in¯u-enced by the individuals variations in noise level generated from these sources. As a result RMS at 80 Hz is expected not to be prone to great intra-and interindividual variations and might reveal the underlying electrophysiologic pathology more clearly. A support of this assumption comes form Gomez et al. 4 They advocated to use the RMS voltage at 80 Hz as the best single screening parameter for maximal sensitivity in their study. According to their ®ndings 90% of patients with coronary artery disease and documented sustained VT had an abnormal RMS voltage at 80 Hz and the percentage of patients with abnormal SAECG variables was lower for all other ®lters. New prospective studies are required to test these ®ndings.
Although the site where SAECG are recorded is important for noise generation we could not observe any signi®cantly different SAECG parameter between central and peripheral obesity groups. Signi®cant differences were observed between subscapular, supra-iliac and para-umbilical skinfold thicknesses in subjects with central and peripheral obesity as one could easily expect. But the degree of these differences were not able to create a signi®cantly higher noise level in the central obesity group in our study. In other terms the thicker subcutaneous adipose tissue of the upper body part of the subjects in central obesity was not impressive enough to cause signi®cant differences between the noise level in subjects with central and peripheral obesity. This might be related to the population characteristics of our study. Selection of a subgroup of obese subjects with more rigorous criteria for abdominal obesity might produce more prominent differences in subscapular skinfold thickness enough to cause signi®cantly higher noise level. This might effect SAECG criteria by the way of the correlation between the noise level and RMS. Nevertheless a trend towards the increased values of noise level and RMS voltage particularly at 25 and 40 Hz high-pass ®lter settings is observed in our subjects with central obesity, although differences were not statistically signi®cant.
Presumed differences between SAECG parameters in subjects with central and peripheral obesity could not depend solely on the higher noise level generated from the thicker truncal subcutaneous adipose tissue and as a result of this, higher RMS voltage in central obesity. Central obesity has great impacts on cardiovascular system and interactions between central obesity and SAECG indices should be more complex. Abdominal obesity and associated metabolic derangements might affect SAECG indices by the way of the anatomical changes in the left ventricular size and mass other than differences in the subcutaneous adipose tissue thickness. An abdominal accumulation of fat is shown to be connected with both the severity of coronary lesion and myocardial hypertrophy in men without any lifetime clinical diagnosis of cardiovascular disease. 22 Diastolic left ventricular dimension index and stroke index are found to be signi®cantly greater in visceral-type obesity. 23 Two mechanisms are proposed to explain the correlation between visceral fat accumulation and left ventricular function. 23 The ®rst is a direct effect of abdominal adipose tissue and the second is an indirect effect resulting from metabolic alterations in the long run. SAECG indices are known to be in¯uenced by the presence of myocardial hypertrophy and the mass of the myocardium required the signal to proceed. 24 Prolonged fQRS is reported in subjects with myocardial hypertrophy. 24 The comparison of our central and peripheral obesity groups with respect to metabolic and clinical variables disclosed that there were no signi®cant differences other than the low HDL-cholesterol level in the subjects with central obesity. Duration of obesity is shown to be an independent factor to result in adverse cardiovascular effects. 25 Relatively younger age and shorter obesity duration of our centrally obese subjects might protect them from the consequences of abdominal obesity associated metabolic and cardiovascular abnormalities, namely hypertension which causes myocardial hypertrophy, although we can not say it clearly without determining left ventricular mass. The main explanation for the absence of any differences between the SAECG parameters in our central and peripheral obesity groups might be based on these ®ndings. A study to investigate the abdominal obesity associated cardiovascular complications and relation between left ventricular mass and SAECG indices is now under way at our department.
Conclusions
Our study shows that in obese women SAECG evaluation must be performed with 80 Hz high-pass ®lter setting. This ®lter setting eliminates the random noise originated from the subcutaneous adipose tissue. In addition RMS voltage which shows positive linear correlations with the noise level of 25 and 40 highpass ®lter settings should probably not be included into the de®ned abnormal SAECG criteria. Whether the application of this ®ndings to obese patients in the different clinical situations improves the sensitivity and speci®ty of SAECG requires prospective longterm follow-up studies. In addition, further studies with larger groups of obese subjects, including men, will require to determine whether decreasing the noise level lower than reported in our study by the way of increasing the number of the averaged beats eliminates the effects of subcutaneous adipose tissue thickness on the variables of SAECG of 25 and 40 Hz.
